Abstrak
Following exposure to thermal source, disintegration of skin and the tissue beneath leads to circulatory derangement and impaired perfusion to the local traumatized site, which in turn will decrease the capability to provide its normal functions, i.e. control of evaporation, barrier protection, etc. 1 With this defect, the potential structure of skin territory that is responsible for wound healing is impaired and the sequence of the healing process is consequently prolonged. Along with this prolonged process of healing, unfavorable scar formation in a later date is the major problem in burns. For such a reason, aggressive effort to obtain on time schedule of wound surface re-epithelialization is one policy in the management of deep partial and full thickness burns, as the structure of skin integuments is damaged and spontaneous re-epithelialization is almost impossible. 2 The aggressive wound management in burns includes the concept to remove non-vital tissues such as eschar following resuscitation and after stable hemodynamic condition has been achieved. In standard conventional burn management, topical cream of silver sulfadiazine applied on the wound surface and waited for days to obtain information of wound progress. Afterwards, the clinician decide the method of wound closure, either spontaneous or surgically intervention. 3 Mostly, the management of deep partial thickness burns in the hospital unit referred to conservative treatment. In this kind of treatment, a various modern dressings of biological and biosynthetic materials have been applied. 4 The development of cell-based technology in burn management started as cultured epithelial auto graft (CEA) proposed as the better option to solve the problem in major burns as there is limitation of skin graft donor. 5, 6 Nevertheless, there were disadvantages found with its application in clinical setting;
7 such conditions has provoked the researchers to find comprehensive and better skin regeneration as well as skin replacement. This was found paralleled to the discovery of stem cells. Following the huge numbers of researches in stem cells following its discovery, it was then found that umbilical cord blood have the potency of renewal or to regenerate certain types of cells, including keratinocytes; both in vitro 8 and in vivo. 9 The goal of this study is to find information of reepithelialization of applied human umbilical cord blood mononuclear cells (hUCBMNCs) on the deep partial thickness burns, compared to silver sulfadiazine (SSD). The objective is to find the safety and efficacy of hUCBMNCs in treatment of deep partial thickness burns.
METHODS

Study design
This comparative study evaluates the treatment of deep partial thickness burns using hUCBMNCs (Stem Cells Institute, Jakarta, Indonesia) and SSD (Burnazin, Darya-Varya, Jakarta) in enrolled patients who were 
Patient selection
The subjects were patients with deep partial thickness burn (flame and scald). Patient selection was based on the inclusion criteria, i.e. young adults (age of ≥ 17 years old) with burns less than ≤ 30% of total body surface area. Patients with inhalation injury, chemical, and electric burns and with unstable hemodynamic condition were excluded as well as patients, who had any disease prior to trauma, secondary infection, or history of hypersensitivity to citrate or dimethyl sulfoxide (DMSO) and pregnant women. Two equal wound sizes in different comparable sites in each recruited patient were selected for treatment using hUCBMNCs and SSD.
Preparation of hUCBMNCs
Human umbilical cord blood (hUCB) was obtained by aspiration following delivery through mother's consent, and was processed within 48 hour after collection. From each collected hUCB, aliquots were set apart for bacterial and fungal screening. Human UCB was processed by differential centrifugation (Sepax ® , Biosafe, Eysins, Switzerland) in combination with hydroxyl ethyl starch (HemoHes, B.Braun, Melsungen, Germany) to obtain mononuclear cells. The hUCBMNCs were marked by CD34+ and counted using flow cytometry. Viability was tested by means of trypan blue exclusion method. The hUCBMNCs were kept in cryotubes in the presence of 10% DMSO, placed in controlled rate freezer to reach -80°C and then transferred to -196°C in vaporized liquid nitrogen cryotank. Prior to each clinical application, cryotubes were taken out from the cryotank and thawed in 37°C water bath for 2 minutes. Immediately after thawing the cell suspension was washed with phosphate buffered saline (PBS). Total hUCBMNCs of 2 x 10 7 with viability of more than 70% were prepared in 1 mL PBS and transported to the burn unit at low temperature (2-8°C) for each single application.
HLA typing
DNA from donor and recipient was amplified using HLA typing kit (SSP UniTray kit, Invitrogen TM , Carlsbad, CA) and run for gel electrophoresis. Briefly, DNA was isolated from non-heparinized blood samples and diluted in Tris-EDTA buffer to have 75-125 ng/ µL DNA templates. Polymerase chain reaction (PCR) was carried out in a 96-well polycarbonate PCR tray containing 5 µL/ well of optimized HLA allele-specific primer overlaid with paraffin oil. Soon after cycling was completed, the amplicons were loaded onto a 2% agarose gel for electrophoresis. The ethidium bromidestained gel was photographed and the visible bands were interpreted using software (UniMatch ® Plus, Invitrogen TM , Carlsbad, CA) to determine the HLA-A, -B, -DR, -DQ types.
Treatment
Two selected wounds from each patient were prepared. After surgically derided, wound surface area was drawn with red colored permanent ink marker pen in a grid lined of 0.5 cm square sterile plastic transparent sheet. The wounds were covered with nonpetroleum-based tulle (Atrauman ® , Hartmann, Heidenheim, Germany). One mL solution containing hUCBMNCs was topically applied on the wound surface. Accordingly, SSD cream was applied to the other wound surface. The wound was then covered with sterile moist gauze to obtain a suitable wound environment for re-epithelialization. The dressing change as well as the procedure was re-applied for 5 times, every two consecutive days.
Clinical evaluation
Clinical parameters i.e. wound surface area; pain intensity during dressing change, sign of infection, and rejection were subjects to evaluation and recorded. Wound surface area was measured using electronic wound measurement device (Visitrak ® , Smith & Nephew, St. Laurent, Canada) on day 0, 7, and, 11 of application. Decreasing size of wound surface area represented re-epithelialization progress. Pain intensity was measured using Wong Baker's pain intensity scale, which is ranged from 0-5. Bacteriological swab (BBL TM CultureSwab TM Plus, Becton Dickinson and Co., Franklin Lakes, NJ) from each treated surface was collected and further microbial test was performed for the presence of aerobic and anaerobic bacteria. Increasing exudates and clinical signs of acute inflammation of surrounding wound was monitored as a parameter of rejection.
Histological examination
Skin biopsy from the hUCBMNCs-and SSD-treated wounds was carried out on the end of the treatment (day 11). The samples were fixed in 4% formaldehyde freshly prepared from paraformaldehyde and prepared for paraffin block. Slices of 4 mm thickness were mounted on object glass and stained with hematoxylin-eosin.
Statistical analysis
Wound surface re-epithelialization of hUCBMNCsand SSD-treated on day 7 and 11 were subjected to analysis. For statistical analysis, Wilcoxon Signed Rank test was used, since the data involved 2 groups, related, numerical type, and not normally distributed according to Saphiro-Wilk test. Computation was done using SPSS Statistics 17.0 software; p value of < 0.05 is considered statistically significant.
RESULTS
Twenty patients were enrolled in this study. Two patients were excluded from the trial for self-withdrawal. One patient died before the treatment was completed and another one was excluded from the analysis due to incomplete data. In the end of the study, sixteen cases were analyzed.
Re-epithelialization
As shown in Figure 1 , hUCBMNCs treatment results in better progress of wound re-epithelialization (i.e. decreased wound surface area) on day 7 after application compared to SSD treatment. The difference is statistically significant (hUCBMNCs = 77.2% ± 28.8%, SSD = 56.8% ± 47.3%; p = 0.041). This was consistently observed also on day 11, i.e. at the end of treatment (hUCBMNCs = 89.7% ± 23.6%, SSD = 78.8% ± 28.0%; p = 0.021).
Issue of pain during dressing change
Pain was the issue in the first day of application (mode = 3, hurts even more). The number of patients feeling 'no hurt' (scale 0) and 'hurts little bit' (scale 1) were noted on day 7 and 11 to compare pain issues between hUCBMNCs-and SSD-treatment. There were more patients with pain relieve on hUCBMNCs-treated compared to SSD-treated wounds (Figure 2 ).
Rejection and signs of infection
The differences of healing process in wounds treated by hUCBMNCs and SSD were observed. Crust formation was noted in all SSD-treated, but not in hUCBMNCstreated wounds (Figure 3, arrowed) . There was no excessive inflammation clinically observed in hUCBMNCs-treated wounds. Neither immune reaction nor rejection was found in hUCBMNCs-treated wounds.
Figure 1. Wound surface area of hUCBMNCs-and SSD-treatment on days 7 and 11. Data represent mean values ± SD (n = 16)
The HLA types in this study represent MHC class I (HLA-A and -B) and MHC class II (HLA-DR and -DQ). Highest matching degree found was 4 of 8 and the lowest matching degree was 1 of 8 (Table 1) . However, no GvHD symptom was observed in the patient treated with hUCBMNCs from the donor with the lowest matching degree. 
Histological examination
Histology examination on day 11 showed enhanced reepitheliazation, both in SSD-and hUCBMNCs-treated wounds. Human UCBMNCs-treated wounds showed clearly identifiable dermal-epidermal junction with the rate ridges protruding to dermis close to the appearance in normal skin ( Figure 4A ). SSD-treatment indicated unclear dermal-epidermal junction ( Figure 4B ). Focused on cellular rearrangement, both treatments indicated similar numbers: 8-13 epidermal layers in hUCBMNCs-treated ( Figure 4C ) and 8-10 layers in SSD-treated wounds ( Figure 4D ).
Figure 2. Wong Baker's pain intensity scale (a) and the number of patients (%) with reduced pain intensity (scale 0-10) on days 7 and 11of treatment (b)
b
DISCUSSION
In this study, hUCBMNCs application is compared to SSD, which is a widely used topical antibiotic for wound care in burn management. Silver sulfadiazine contains silver ions that bind to the microorganisms' nucleic acid releasing sulfadiazine, which then interferes with the microbial metabolic activity. 10 SSD has an excellent broad-spectrum antibacterial coverage against Pseudomonas aeruginosa and other Gramnegative enteric bacteria, although some resistance had been reported. 11, 12 However, systemic toxicity was found in daily topical application, once or twice, indicated by the development of leukopenia. 13 Since SSD is only absorbed within the surface of epidermal layer, its effectiveness in severe injuries might be limited. 14 Human UCBMNCs used in this study were isolated from crude umbilical cord blood and processed with minimum manipulation (without culture). The term 'mononuclear cells' was used instead of 'stem cells' to avoid misperception, since stem cell characterization and sorting were not performed in this clinical study. However, many studies proved that mononuclear fraction of human umbilical cord blood contain at least two types of stem cells: i.e. hematopoietic and mesenchymal stem cells. Hematopoietic stem cells, characterized by CD34+ markers, were found approximately 1% in the mononuclear cells. 15 Whereas, mesenchymal stem cells, characterized by CD34-, CD45-, CD44+, CD90+, and CD105+ markers, were found in much less amounts in the full-term umbilical cord blood. 16 Regarding the period of wound re-epithelialization, this study showed fascinating result in application both of SSD and hUCBMNCs. Spontaneous re-epithelialization in deep partial thickness burns is normally completed up to 21 days. With conventional treatment of SSD, approximately 80% of wound re-epithelialization was achieved within 11 days. With hUCBMNCs therapy, the achievement of wound re-epithelialization reached approximately 90% of completion. The 10% difference was considered statistically significant.
Pain intensity was evaluated in each dressing change and application procedure. There was a great variation of pain intensity both intra-and inter-individually. It had been shown that the pain intensity was not related to burn severity, but in the second week most patients of major burns had tendencies to express more pain than those with moderate burns. 17 Based on that study, we compared the pain intensity induced in each application in the first week (day 7) and second week (day 11). We found that more patients felt decreased pain intensity in hUCBMNCs than in SSD treatment on days 7 and 11. Higher percentage on day 11 is consistent with the completeness of wound reepithelialization. However, in the evaluation of the efficacy, the parameter of pain intensity might be less objective.
HLA typing was carried out to investigate donorspatients matching degree that may have effect on the outcome. It has been suggested that the success of unrelated hematopoietic stem cell transplantation is influenced by the degree of donor HLA compatibility.
18,19
For these reasons, patients get the greatest benefit when they have HLA-matched donors and can tolerate the transplantation procedure. 20 However, this study found no post-transplant complication or graftversus-host disease (GvHD) even in HLA-mismatch cases. This finding supports studies of unrelated cord blood transplantation indicating immune-tolerance of hUCBMNCs. [21] [22] [23] 
hUCBMNSc SSD
The absence of GvHD in this allogenic hUCBMNCs application can be explained by the lack of immunological properties. When compared to adult peripheral blood, T-lymphocytes and dendritic cells in umbilical cord blood are relatively immature as shown by very low expressions of CD4, CD8, and CD3. Minimum expression of those markers yielded very small numbers of IL-2 and IFN-γ that play important roles in inflammatory reactions. 24, 25 The immaturity of T-lymphocytes was explained by little exposure to foreign antigens; as the individual developed, T-cells would differentiate into a memory phenotype as the antigenic exposure gradually increased. 26 In terms of quality of re-epithelialization, histology showed better results in hUCBMNCs-than in SSDtreated wounds. Epidermal rete ridges formation was clearly identified in hUCBMNCs on day 11 at the end of treatment, while in spontaneous wound healing this dermal-epidermal junction normally resembles 4 to 6 months following complete re-epithelialization. This long process can be explained by the fact that during skin remodeling, regenerated epithelia are prone to shearing forces, thus the regeneration process may be repeated many times. It seemed that SSD treatment was following the rule of such process and hence, no rete ridges formation was identified yet in the samples. The rete ridges pattern found after 11 days of hUCBMNCs treatment suggests that hUCBMNCs accelerate remodeling.
In conclusion, human UCBMNCs are safe and potential to induce faster and better wound healing than conventional treatment in deep partial thickness burns.
